Unlike most classical analgesics, botulinum toxin type A (BoNT/A) does not alter acute nociceptive thresholds, and shows selectivity primarily for allodynic and hyperalgesic responses in certain pain conditions. We hypothesized that this phenomenon might be explained by characterizing the sensory neurons targeted by BoNT/A in the central nervous system after its axonal transport. BoNT/A's central antinociceptive activity following its application into the rat whisker pad was examined in trigeminal nucleus caudalis (TNC) and higher-level nociceptive brain areas using BoNT/A-cleaved synaptosomalassociated protein 25 (SNAP-25) and c-Fos immunohistochemistry. Occurrence of cleaved SNAP-25 in TNC was examined after nonselective ganglion ablation with formalin or selective denervation of capsaicin-sensitive (vanilloid receptor-1 or TRPV1-expressing) neurons, and in relation to different cellular and neuronal markers. Regional c-Fos activation and effect of TRPV1-expressing afferent denervation on toxin's antinociceptive action were studied in formalin-induced orofacial pain.
b s t r a c t
Unlike most classical analgesics, botulinum toxin type A (BoNT/A) does not alter acute nociceptive thresholds, and shows selectivity primarily for allodynic and hyperalgesic responses in certain pain conditions. We hypothesized that this phenomenon might be explained by characterizing the sensory neurons targeted by BoNT/A in the central nervous system after its axonal transport. BoNT/A's central antinociceptive activity following its application into the rat whisker pad was examined in trigeminal nucleus caudalis (TNC) and higher-level nociceptive brain areas using BoNT/A-cleaved synaptosomalassociated protein 25 (SNAP-25) and c-Fos immunohistochemistry. Occurrence of cleaved SNAP-25 in TNC was examined after nonselective ganglion ablation with formalin or selective denervation of capsaicin-sensitive (vanilloid receptor-1 or TRPV1-expressing) neurons, and in relation to different cellular and neuronal markers. Regional c-Fos activation and effect of TRPV1-expressing afferent denervation on toxin's antinociceptive action were studied in formalin-induced orofacial pain.
BoNT/A-cleaved SNAP-25 was observed in TNC, but not in higher-level nociceptive nuclei. Cleaved SNAP-25 in TNC disappeared after formalin-induced trigeminal ganglion ablation or capsaicin-induced sensory denervation. Occurrence of cleaved SNAP-25 in TNC and BoNT/A antinociceptive activity in formalin-induced orofacial pain were prevented by denervation with capsaicin. Cleaved SNAP-25 localization demonstrated toxin's presynaptic activity in TRPV1-expressing neurons. BoNT/A reduced the c-Fos activation in TNC, locus coeruleus, and periaqueductal gray.
Present experiments suggest that BoNT/A alters the nociceptive transmission at the central synapse of primary afferents. Targeting of TRPV1-expressing neurons might be associated with observed selectivity of BoNT/A action only in certain types of pain.
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Introduction
Botulinum toxin type A (BoNT/A) proteolytically cleaves synaptosomal-associated protein 25 (SNAP-25), part of the soluble N-ethylmaleimide sensitive factor attachment protein receptor (SNARE) complex involved in vesicular neurotransmitter release [13, 31] . Subsequent prevention of SNARE-mediated neurotransmitter release mediates BoNT/A's toxicity in botulism and its therapeutic effects associated with hyperactive neuromuscular and autonomic cholinergic synapses. Small amounts of peripherally applied BoNT/A are used for treatment of different painful disorders (review by Jabbari and Machado [30] ). In the craniofacial region, BoNT/A was approved for chronic migraine treatment [17] . Off-label BoNT/A use may be beneficial in other craniofacial painful disorders, such as temporomandibular joint disorders and trigeminal neuralgia [23, 67] .
Based on the preclinical model of formalin-induced pain [16] , it was suggested that BoNT/A reduces both pain and inflammation by preventing local neurotransmitter release from peripheral sensory nerves [2] . However, further studies questioned the association of BoNT/A antinociceptive activity with its antiinflammatory effects. At BoNT/A doses that reduced carrageenan-and capsaicin-induced pain, no significant antiinflammatory effects were observed [4, 5, 20] . Central antinociceptive activity has been suggested by contralateral BoNT/A effects in experimental bilateral pain after unilateral toxin injection [6, 8, 20, 68, 69] 
